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A prospective study was made of 51 asymptomatic pa-
tients, 1 to 24 months after acute myocardial infarction,
17 with (Group I) and 40 without (Group II) ventricular
fibrillation during the acute event. None of the 57 pa-
tients had symptomatic arrhythmias, uncontrolled heart
failure or unstable angina. There was no significant dif-
ference between the two patient groups in time from
acute myocardial infarction, medication used or left ven-
tricular ejection fraction. Repetitive forms of arrhyth-
mia (Lown grade 4) were more prevalent (29 versus
16%, not significant) during 24 hour ambulatory mon-
itoring in patients in Group I (ventricular fibrillation
group).
Programmed extrastimulation was performed using
1 to 3 twice-threshold, 2 ms decremental extrastimuli
It has been suggested (1-3) that the prognosis of patients
whose myocardial infarction is complicated by ventricular
fibrillation is no worse than that of others with myocardial
infarction. Furthermore, it has been reported (4-10) that
survivors of out of hospital cardiac arrest who have enzy-
matic and electrocardiographic evidence of infarction have
a lesser incidence of recurrent sudden death than those who
do not. However, other reports (11-15) do not confirm these
results and suggest that ventricular fibrillation in the setting
of myocardial infarction may recur or portend sudden death
without additional injury. Yet, patients with ventricular fi-
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delivered during right ventricular drive. Of the 17 pa-
tients in Group I, 8 had no induced arrhythmia (~ 4
extra responses), 4 had nonsustained ventricular tachy-
cardia and 5 had sustained ventricular tachycardia (de-
generating into ventricular fibrillation requiring elec-
trical reversion in 4). None of the 40 patients in Group
II had induced sustained ventricular tachycardia
(p < 0.005), although 9 had nonsustained ventricular
tachycardia.
Patients with ventricular fibriUation during acute
myocardial infarction may have an increased risk for
ventricular tachycardia or ventricular fibrillation that
may be exposed by programmed electrical stimulation
even when not yet clinically manifest.
brillation in the setting of myocardial infarction are generally
not subjected to the intense arrhythmia evaluation that is
afforded those with so-called primary ventricular fibrillation.
Techniques of programmed extrastimulation have proven
utility in the care of patients with symptomatic ventricular
arrhythmia (16-18) and are now being evaluated in patients
with coronary artery disease and myocardial infarction who
have not suffered symptomatic arrhythmia (19-23). The
purpose o~ this study was to determine whether patients with
ventricular fibrillation associated with myocardial infarction
are more susceptible to induction of tachyarrhythmia than
are patients whose infarction was not complicated by ven-
tricular fibrillation, and whether inducibility can be corre-
lated with severity of coronary disease and ventricular
dysfunction.
Methods
Study patients. Fifty-seven consecutive patients con-
senting to electrophysiologic study who had a history of
transmural myocardial infarction and who underwent di-
agnostic catheterization were studied in accordance with a
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protocol approved by the Human Studies Committee of the
Medical College of Pennsylvania to evaluate the inducibility
of ventricular tachycardia in patients after infarction, Forty
of these patients had no history of ventricular fibrillation
and constituted the control group, The study group com-
prised 17 patients, including 10 protocol patients and 7
specifically referred because of a history of ventricular
fibrillation,
The criteria for the diagnosis of transmural myocardial
infarction were a history of typical chest pain that preceded
any arrhythmia, an increase in the MB fraction of creatine
kinase and new electrocardiographic Q waves, Patients were
excluded if rest pain occurred with electrocardiographic
changes in the postinfarction period or uncontrolled conges-
tive heart failure, One patient who suffered ventricular fi-
brillation with an acute myocardial infarction was excluded
because of spontaneous, symptomatic ventricular tachy-
cardia that occurred 6 weeks after the infarction. All an-
tiarrhythmic medications were withdrawn five half-lives be-
fore study, with the exception of digitalis and beta-adrenergic
blocking agents.
Ambulatory electrocardiography. Twenty-four hour
tape-recorded ambulatory electrocardiograms were recorded
within 48 hours of catheterization in 49 patients. Ventricular
premature beats were graded according to the Lown system
in which grade 0 == no ventricular premature beats; grade
I = fewer than 30 ventricular premature beats/h; grade 2
= more than 30 ventricular premature beats/h; grade 3 =
multiform ventricular premature beats; grade 4a = ventric-
ular couplets; and grade 4b = ventricular salvos (three or
more) (24).
Cardiac catheterization. After appropriate consent was
obtained, patients were taken to the cardiac catheterization
laboratory in the postabsorptive state after having received
5 to 10 mg of oral diazepam, A maximum of 10 ml of 1%
xylocaine was given as the local anesthetic for catheter
insertion using the femoral approach. Left heart catheter-
ization included left ventricular angiography and coronary
arteriography using the Judkins technique. Electrophysio-
logic studies were performed after a waiting period of 15
to 30 minutes.
Electrophysiologic study. A quadripolar catheter with
an interelectrode distance of 1,0 cm was positioned at the
right ventricular apex. Electrocardiograms were recorded
from the proximal poles at a filter setting of 30 to 500 Hz,
together with standard electrocardiographic leads I, aVF and
V I, Signals were recorded on an Electronics for Medicine
VR-12 oscilloscopic recorder. The distal poles of the quad-
ripolar catheter were used for pacing and stimulation. A
cardiac stimulator (Bloom Associates, Ltd), was used to
deliver rectangular wave stimuli of 2 ms duration.
The heart of each patient was paced both at a cycle length
of 500 ms and at a rate 10 beats/min greater than the intrinsic
heart rate. Pacing and extrastimulation were performed at
a current that was twice mid-diastolic threshold, The first
extrastimulus (S2) was initially applied 400 ms after S1 and
delivered progressively earlier in the cardiac cycle, scanning
in 10 ms steps until the effective refractory period was
reached. If S2 failed to induce sustained ventricular tachy-
cardia, it was set at a point 20 ms outside the effective
refractory period. A second extrastimulus (S3) was added
400 ms after S2, and scanning in 10 ms decrements toward
S2 was carried out. If no ventricular tachycardia was in-
duced, a third stimulus (S4) was similarly introduced, The
end point of testing was the application of three extrastimuli
at each drive cycle length or provocation of sustained ven-
tricular tachyarrhythmia requiring pacing or cardioversion
for termination, Stimulation sequences that provoked non-
sustained ventricular responses were repeated at least once
and were noted only if they were observed in two of three
stimulation sequences,
Statistical analysis. Statistical comparisons were made
with an unpaired t test and a chi-square test and differences
were considered significant when the probability (p) value
was less than 0.05, All values in the test and tables represent
mean ± standard deviation,
Results
Clinical characteristics (Table 1). Seventeen of the 57
patients (Group I) had ventricular fibrillation within 48 hours
of the onset of their myocardial infarction, In all 17, chest
pain clearly antedated the onset of ventricular fibrillation,
The remaining 40 patients (Group II) did not have ventric-
ular fibrillation during their infarction. There were no sig-
nificant intergroup differences in age, sex ratio or time from
infarction to study, but the numbers are insufficient to dis-
prove a significant difference, None of the 57 patients had
symptomatic ventricular arrhythmias in the interim between
infarction and study. There was a preponderance of inferior
infarction in patients in Group L A similar proportion of
patients in each group were receiving digitalis and pro-
pranolol. The average daily dose of propranolol was com-
parable (95 ± 34 versus 112 ± 35 mg/day, p = not sig-
nificant [NS]), as was heart rate at rest (67 ± II versus 71
± 9 beats/min, p == NS), Three Group I patients who had
experienced ventricular fibrillation had nonsustained ven-
tricular tachycardia on ambulatory monitoring (5,7 and 10
beat salvos) and two others had ventricular couplets, This
incidence rate (29%) of grade 4 arrhythmias in Group I
patients was not statistically significantly greater than in the
32 Group II patients with monitoring, of whom 5 (16%)
had repetitive ventricular premature complexes, Left ven-
tricular ejection fraction and the number of coronary arteries
with greater than 75% stenosis were similar in both groups,
Results of eIectrophysiologic study. Sustained ventric-
ular tachycardia was induced in five Group I patients (29%)
but in none in Group II (p < 0.005), Only double extra-
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*32 of 40 Group II patients were monitored. t75% of luminal area
was occluded.
Figures in parentheses indicate range; ECG = electrocardiographic; F
= female; M = male; VF = ventricular fibrillation.
stimuli were required to induce the ventricular tachycardia
in two of the five patients. In four patients, the ventricular
tachycardia rapidly and spontaneously degenerated into ven-
tricular fibrillation and in the fifth patient it accelerated to
a cycle length of 210 ms. All five required electrical con-
version after losing consciousness. In three of the five, a
second stimulation study was performed at a later date with-
out antiarrhythmic drugs to determine the reproducibility of
the sustained tachycardia, and in each case similar results
were obtained. Four additional Group I patients (24%) had
nonsustained ventricular tachycardia (5 to 18 beats/min)
induced with three extrastimuli as did nine patients (23%)
in Group II (p = NS). The remaining patients had at most
one to four extra responses to triple extrastimulation.
Propranolol use, ejection fraction and the results of mon-
itoring were similar in the 5 Group I patients with and the
12 without inducible sustained tachycardia. In fact, Lown
grade 4 ventricular premature beats were more often re-
corded in patients with noninducible tachycardia (Table 2).
Three of the five patients with inducible tachycardia were
studied within 2 months of ventricular fibrillation and in-
farction and a fourth was studied within 3 months. However,
6 of the 12 patients with noninducible tachycardia and fi-
brillation were also studied within 2 months and 2 more
were studied within 3 months of their infarction.
Group I (VF) Group II (no VF)
(n = 17) (n = 40)
55 (38 to 69) 56 (41 to 83)
14/3 32/8
8 (I to 24) 14 (I to 24)
5 19
12 21
3 13
9 20
Table 1. Clinical Data
Age (yr)
Sex (M/F)
Time from infarct to
study (mo)
Infarct site
Anterior
Inferior
Medications
Digitalis
Propranolol
24 hour ECG
monitoring*
(maximal Lown grade)
oto I
2 to 3
4a,4b
Ejection fraction
Coronary disease
(no. of coronary
vessels with> 75%
stenosis)t
9
3
5
0.46 (0.18 to 0.67)
2.0 ± 1.1
17
10
5
0.50 (0.23 to 0.70)
2.0 ± 1.0
Discussion
Previous studies on survival of patients with and with-
out ventricular fibrillation during myocardial infarc-
tion. Studies showing no difference in prognosis. Several
epidemiologic surveys have addressed the natural history of
ventricular fibrillation occurring in the setting of acute myo-
cardial infarction. Many (1-10) have not found substantial
differences in the prognosis of patients with these findings
and that of patients whose myocardial infarction is not com-
plicated by ventricular fibrillation. For example, Goldberg
et al. (3) found that 330 patients with acute infarction ac-
companied by ventricular fibrillation had a greater in-hos-
pital mortality than 1,071 patients with myocardial infarc-
tion alone, but a comparable postdischarge survival rate.
Lawrie (2) followed up 41 patients for 1 year after infarction
with ventricular fibrillation and found a mortality rate of
7%, a rate comparable with that reported (25) for patients
without ventricular fibrillation. Analogous results have been
obtained when survivors of out of hospital ventricular fi-
brillation are categorized by the presence or absence of
myocardial necrosis. Cobb et al. (7-10) found that patients
with enzymatic and electrocardiographic evidence of ne-
crosis were not as susceptible to recurrent sudden death as
survivors of primary ventricular fibrillation. Goldstein et al.
(10) compared 4 year survival after cardiac arrest in those
with documented myocardial infarction, with an acute isch-
emic event but not infarction, and with a primary arrhythmic
event. Significantly, more patients with sudden death and
infarction were alive at 48 months compared with those in
the other two groups. Geddes (4) and Adgey (5) and their
coworkers reported that more patients with ventricular fi-
brillation from acute myocardial infarction were alive at I
and 2 years and that they had no greater disability than
patients with myocardial infarction alone. These studies sug-
gest that when ventricular fibrillation occurs with an acute
infarction, it does not recur.
Studies showing mortality differences. However, other
studies (11-15, 26) have reported different results. Lib-
erthson et al. (26) found that one-third of those patients who
had a postdischarge recurrence of sudden death had had a
myocardial infarction at the time of the initial event. Logan
et al. (15) reported that ventricular fibrillation recurred in
49% of patients with myocardial infarction if the ventricular
fibrillation had occurred in the presence of cardiogenic shock
or significant left heart failure. Sloman and Prineas (11)
found a significantly decreased 12 month survival among
22 patients with ventricular fibrillation after myocardial in-
farction compared with 235 patients without. Dupont et al.
(14) reported no difference in long-term survival of patients
with and without infarcts who underwent cardiopulmonary
resuscitation for out of hospital cardiac arrest. Likewise,
Conley et al. (12) in a 5 year prospective follow-up study
of 765 patients with myocardial infarction found that sur-
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Table 2. Clinical Characteristics and Electrophysiologic Data in Patients With Ventricular Fibrillation (Group I)
Maximal
Lown Stimulation Number
Case Site of MI EF Grade* Sequence of Induced Beats
I Anterior 0.34 4b (5) S,S2S3S. VT-> VF
2 Inferior 0.56 1 S,S2S3S• 8
3 Inferior 0.66 I S,S2Sl S• 3
4 Inferior 0.38 3 S,S2S3S• 18
5 Inferior 0.43 4b (10) S,S2Sl S• 2
6 Inferior 0.67 4b (7) S,S2S3S. 4
7 Inferior 0.28 2 S,S2Sl S• 2
8 Anterior 0.18 4a S,S2S3S. I
9 Inferior 0.57 1 S,S2S3 VT -> VF
10 Inferior 0.46 I S,S2S3 VT
11 Anterior 0.46 4a S,S2S3S• 5
12 Inferior 0.50 I S,S2S3S• II
13 Inferior 0.54 I S,S2S3S. VT -> VF
14 Inferior 0.54 1 S,S2S3S• 2
15 Anterior 0.20 2 S,S2S3S• 3
16 Anterior 0.54 1 S,S2S3S. 2
17 Posterior 0.62 I S,S2S3S• VT -> VF
*Lown grade represents maximal Lown arrhythmia grade on ambulatory electrocardiographic monitoring; figures in parentheses indicate number of
beats in a salvo. EF = ejection fraction; MI = myocardial infarction; S = pacing stimulus; So = extrastimuli; VF = ventricular fibrillation; VT =
ventricular tachycardia.
vival was significantly less in the group with cardiac arrest.
Most recently, Schwartz et al. (13), in a 5 year prospective
study of 250 patients, reported a significantly increased long-
term mortality in patients with myocardial infarction with
ventricular fibrillation compared with those without ven-
tricular fibrillation.
The explanation for these differing results is not readily
discernible. The number of patients in both sets of studies,
as well as the manner and period of follow-up, were com-
parable, However, data analysis may have been a decisive
factor. For example, Schwartz et al. (13) found a difference
in mortality only in the subgroup with anterior infarction.
Analysis of all patient data without consideration of vari-
ables, such as characteristics of myocardial infarction, might
obscure a significant difference in the prognosis of patients
with and without ventricular fibrillation (a beta error),
Group comparisons in present study. We prospectively
evaluated patients whose myocardial infarction was and was
not complicated by ventricular fibrillation. The evaluation
consisted of cardiac catheterization, ambulatory electrocar-
diographic monitoring and electrophysiologic study. Pa-
tients who did not have ventricular fibrillation did not have
sustained arrhythmia induced, In contrast, 5 (29%) of 17
patients who had ventricular fibrillation during their myo-
cardial infarction had ventricular tachycardia induced. One
additional patient was excluded from the study because he
was referred for ventricular tachycardia that occurred 6 weeks
after an anterior infarction complicated by ventricular fi-
brillation, In all five study patients, the arrhythmia accel-
erated on its initiation, in four cases degenerating into ven-
tricular fibrillation.
Effect of aggressive extrastimulation protocol.
Induction of ventricular fibrillation during routine electro-
physiologic study is uncommon. Spielman et al. (27) re-
ported ventricular fibrillation induction in 10 of 300 studies
of patients with documented or suspected tachyarrhythmia,
including three episodes precipitated during an attempt to
terminate ventricular tachycardia with premature ventricular
depolarizations, Seven of the 10 patients in whom ventric-
ular fibrillation was induced by programmed stimulation had
sustained the arrhythmia spontaneously. In contrast to Spiel-
man et al. (27) we used up to three extrastimuli, except in
two patients in whom sustained ventricular tachycardia was
induced with only double extrastimuli. Use of triple ex-
trastimuli represents a potent stimulus to arrhythmia induc-
tion (28), but using this aggressive protocol did not precip-
itate sustained arrhythmia in any of our postinfarction patients
unless there was a history of ventricular fibrillation, These
results are also in agreement with previous studies that have
demonstrated a low incidence of sustained arrhythmia in
previously asymptomatic patients, including patients with
(19,20) and without (29) coronary artery disease.
Effect of clinical features, arrhythmias and site of
infarction. We identified no clinical characteristics that dif-
ferentiated patients in Groups I and II. The groups were
similar in age, sex, myocardial infarction time and location,
left ventricular function, severity of coronary disease and
the medications administered. Although a greater percent
of Group I patients had couplets and nonsustained ventric-
ular tachycardia on ambulatory monitoring, the difference
was not consistent. The discordance between the results of
ambulatory monitoring in this and a previous study (20)
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suggests that programmed stimulation may provide a dif-
ferent and perhaps more sensitive measure of electrical insta-
bility in patients with coronary artery disease. We also found
no substantial difference in any of these variables among
patients in Group I with and without inducible ventricular
tachycardia. There was, however, a preponderance of in-
ferior infarction among the patients with inducible tachy-
cardia and among our patients with ventricular fibrillation
in general. The excess number of patients with inferior
infarction in our series may reflect the increased survival
rate (to the point of hospital evaluation) in this group com-
pared with that of patients who suffer a more extensive
anterior infarction and develop ventricular fibrillation.
Study limitations. The majority of patients were re-
ceiving antianginal medications at the time of study. These
drugs might have influenced inducibility by reducing myo-
cardial ischemia or by a primary antiarrhythmic effect. How-
ever, there was no significant difference between the groups
in the number receiving these drugs, the dose administered
or heart rate at rest.
Patients were evaluated promptly on referral, which ac-
counts for the variable interval from infarction to study.
This is a potentially important factor because susceptibility
to death and recurrent infarction appears to decline pro-
gressively in the year after the first event (30,31). Because
there were no significant intergroup or intragroup differ-
ences in this interval, it does not appear to affect our results.
We limited the study to patients with transmural infarc-
tion and our results cannot be extrapolated to patients with
nontransmural infarction. The latter group may have an
increased risk of reinfarction (32,33) that, in addition to
their electrophysiologic lesion, might result in a subsequent
sudden death.
Implications. We found that patients with ventricular
fibrillation during acute myocardial infarction subsequently
had a greater likelihood of ventricular tachycardia induction
when compared with patients whose infarctions were not so
complicated. This finding indicates that these patients may
require an invasive evaluation before hospital discharge and
at least suggests that myocardial infarction complicated by
ventricular fibrillation is structurally different and may re-
main so. The clinical significance of these findings is un-
known, but should be determined in the prospective ran-
domized study that is now in progress.
We acknowledge the technical assistance of our Electrophysiology Lab-
oratory staff and thank Rachel Chatbum and Donna Simonds for their
patient preparation of the manuscript.
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